The most important geometric parameters and associated uncertainties (20) determined for F,POPF, are the distances (r,) P-O = 1.631 2 0.010 A, P-F = 1.568 I 0.004 A, and angles POP = 135.2 + l-8", OPF = 97.6 + l-2", and FPF = 99.2 f 2.4". Amplitudes of vibration were also found. The large POP angle and relatively short P-O bond length are consistent with a significant degree of ps-dn bonding. Our structure interpretation differs from an earlier one reported by Arnold and Rankin in the relative P-O and P-F bond lengths and in the conclusion that the molecule exists in a distribution of not very rigid, probably staggered, conformers instead of one fairly rigid structure.
INTRODUCTION
Bis(difluorophosphino)ether, F2POPF2, was first synthesized by Rudolph et al. who also investigated the infrared and nuclear magnetic resonance spectra [1] _ The fluorine substituents make the phosphorus a good candidate for acceptingpn electrons from the bridge oxygen. Uncertainties concerning p7r-d~ bonding between first-row elements and second-row elements with outer d orbit& made it worthwhile to acquire information about the molecular structure of the substance, for bond angles and bond lengths are considered to be useful in diagnosing n-bonding. After our study was completed [Z] the results of another electron diffraction study of FzPOPFz were published [3] . Because our data extended to a significantly higher scattering angle and because the structural parameters deduced were somewhat different, we report our findings in the following. were recorded using 40 kV incident electrons are given in Table I. Five plates from the 21 cm and four plates from the 11 cm camera distances with absorbances between 0.25 and 0.9 were averaged and used in the structure analysis.
ANALYSIS OF DATA
Experimental intensities were corrected for the measured sector irregularities and extraneous scattering before being leveled by division by the theoreticaI atomic intensity. The atomic scattering factors used were the tabulated elastic scattering factors of Schafer et aI. 
MOLECULAR MODEL
The observed infrared spectrum of F2POPF2 indicated the existence of a P-O-P linkage in this compound [l] ; 31P and "I? NMR spectra showed clearly that two fluorines are bound to each phosphorus [l] . Subsequently, temperature-dependent NMR investigations of FZPOPF2 suggested that it is non-rigid in solution [12] . At an early stage of this investigation it appeared that F2POPF2 exists in more than one conformation in the gas phase. Since there are no distinct peaks beyond 3.1 A in the preliminary f(r), curve, several plausible molecular conformations were considered in the structural analysis. Because the diffraction data provide marginal information about the conformations, no attempt was made to optimize the torsional angles f&r The conformational investigation was carried out by comparing the experimental intensities with calculated intensity functions corresponding to various concentrations of rotational isomers. A least squares procedure optimized structural parameters (except for torsional angles which were fixed) but not concentrations. The P ---F and F * --F (long) non-bonded distances were each assigned a single skeletal amplitude of vibration and all O-P-F valency angles were assumed to be equal to preserve local C, symmetry for the -OPF2 groups.
RESULTS
Experimental and calculated radial distribution functions for the five individual rotational isomers of F2POPF2 and for one selected mixture are compared in Fig. 1 for the r = 2.7 to 5.1 a region. Isomers (4) and (5) individually give the least satisfactory account of the experimental data. Standard deviations between experimental and calculated distribution functions based on various isomeric concentrations are given in Table 2 . All mixtures in Table 2 give acceptable representations of the data and markedly better representations than given by any of the single conformations by itself. Little quantitative significance can be attached to these concentrations because, among other reasons, no attempt was made to optimize the angles of internal rotation for each isomer_ The sensitivity of the distribution to the assumed dihedral angles was not investigated. Experimental and calculated molecular intensities, sM(s) and radial distribution functions, f(r) are compared in Figs. 2 and 3 respectively. In each of these comparisons the calculated functions were based on parameters derived from least squares analyses of the composite intensity with a composition of 40 9% isomer 2,20 96 isomer 1, 3 and 4 respectively. Table 3 gives the corresponding structural parameters and their estimated standard errors which were derived from a least squares analysis of diffracted intensities. Both random and systematic errors [ 51 were included in calculated standard errors. In the course of the least squares refinements, a diagonal weight matrix was adopted with elements proportional to the square of the scattering variable s. The corresponding correlation Vtandard deviation in ppt of the composite molecular intensity. bStandard deviation between experimental and calculated radial distribution function. worked with a single conformer and optimized dihedral angles. They report two separate least squares minima, one for conformation B and one for conformation C.
DISCUSSION
The P-F bond length, F-P-F angle and P-F amplitude of vibration found in the present study closely resemble those in PF3 [ The most interesting information provided by our analysis is tabulated in Table 5 where it is evident that the X-O-X angle and the X-O bond length contraction both increase in the series OCIZ 1203, F2POPFz and F3SiOSiF3 [ 211. This behavior is consistent with a pn-dn bonding model in which the extent of the n-bonding increases from OCl:, to F,POPF, to F&OSiF+ The observed behavior closely resembles the case of NC& 1221 and N(SiH& [23] in which analogous experimental evidence also indicated that the pa-dn delocalization in N(SiH& was greater than that in NCl+ Also correlating with such 7r-delocalization is the planar bonding around nitrogen in F2P(NCH3)PF2 [15] . It is worthy of note that the above observations are in agreement with Cruickshank's contention [IS] that lone pairs of electrons on second row elements will reduce the n-bonding power of the d orbitals. The case of F1POPF2, then, provides one more illustration supporting the p~~-dn bonding picture of Cruickshank [18] . 
